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P& 22 AL A A R DL/ 8 e R AR AR A
PR, B g O T A Ol K R T i A
[F) 751

H AU Wy 28 © R N Ah 3 T2 T 2% i
HH Y% 38 55 HTMEF 58 b . Upadhyay 55 B9 & B,
Ji b Z2 W O 47 BsE B AR B 04 DR OK BE 07, AN AN RE DR A
Wy MR ] L 45 v G K B I8 RE Bl A ) IR R 4 Bl
EFE W B K, DA PR I A ) 7 R 3B R Y AR R AR
17 o Alami ZE"H Qurashi 2558 26 B g &k 2 48 7T LA
1 /0 3 T 38T AR R Na (9 I, AR Na ™ X4 9 1)
BEF RN, I N IX 5 A 20 R B B )8 R O R
A HE TR EA G, HEENE, 5EEY 28
FH L, GlAE W 220 0 355 3% R 30 A et L A AT L 7 e R
KOG RA I B 5 T, B, kY 22
— R T Y B A ) R 0 IR AN N A
JIE R 2 i A b AR 7 R B R B 2, R
S LT 9 S 8 R B (Xanthomonas campestris) i B
P 28 % W T REZE 72 0 — Fh i ZE D ML Ah 205 BF S
2 W v e A A 0 1 AR KR S b BB 05 B AR B 1 )
31 5T T BORECY 1 R 42 A W B0 kAR
KA A AT R B I AT 3 N K 2 A
B bR AP, BOE R T T RE R E SRR
st JoT

BRI T B B ET 2 TR K T
B, A AR U B ST D, e R A O A Y 5
B S SR VE R BE SE B B o PG, AR AIE 5 DL 52 4K
B AE g A RE , BRI B D e o) R W 3E R SR AR AE R
T RN A A 2 SRy 2R AR A TE R T 1) 2R

7 o AL B — 2 A e AR B
1 #HFAFE
1.1 s
fE i AE SRR O 5 AR S AE R O (Medicago

sativa cv. Aohan) , B AR T H o A Ml R 27 M Rs b 5T 9%
TR 52 6 2 5 (b B D I U T A AE 2B W B AT IR 0y
/NI
1.2 Ri&t

Pk AT R A B TR W R/ AR — B B S R
2 50087, T 5 5 W BE R 75 % B TRS IR 1 min )5 %

A 1% WETR 1 (NaClO) I Wi 2 1 5 min, JC R 7K 2
Bk 4~5K & H .

e HEAT NaClyk B i 1 30 56, ) A= K d o
A 200 mL A a8 ¥ JE (075,100,150 F1 200 mmol/L)
(4 NaCl % ¥ . & & & JE K B (121 °C, 0. 11 MPa)
21 min, FRREIG TS TAE G s L0 H 15 Fh 1%
PR EAERKE T, B AMIAER BN EE 25
KA o 3% Fh S K AR O B E T 20 CCHE R, Ot R
400~500 pmol/(m’-s) , G J& Iy 12 h/12 h 1y B85
FEPIITRE IR, TRFPEFREARITTRESE
10 K8 & 28R, 45 24 hid S Fh 1 & 2R 15 0, B B3k
H A A Y Oy vk AR AR 28 B R R, 1 mm R KA
i if

AR A5 7 0132 6 77 S s A0 ) 2k 2R e W R LS BUO3E
(9 NaC1 e BE 1 Jhy £h i3 o B 4638 B 7 A 3 S 9 A
[vi) Vi 3 A 3 (R 1) o o) 5 4 1 45 A BRI A 30 2 K
L, B 200 mL , J5 SEERAE R 1k h ik B O i 10
TR R A RIS R L0 10 Rtk 2R
RZERB, TOMARKSE 14 KM@ HRK K &
# T HEAR AL SE RS,

1 BEERMRELE

Table 1 Treatment concentrations of xanthan

b 7 BEME/ (gl )
CK1 ZEI K
CK2 75 mmol-L.” 'NaCl
T1 75 mmol:L 'NaCl+4-0. 5 g-L. ' # JF )&
T2 75 mmolL 'NaCl+ 1.0 g-L. " # 5k
T3 75 mmoleL 'NaCl+1. 5 gL~ # J5 i
T4 75 mmoleL. 'NaCl+2. 0 gL~ " # J5 i
T5 75 mmol:L 'NaCl+2. 5 g-L. ' # 5 &
1.3 HEXERUE
1.3.1 #AHmAFARE  KEFHRGP=H K5 4 KEFHY

S 2 T B/ R T £0< 10004 5

K H R GR=1i K5 10 K08 & % Fh 7 %80/t it
<100 s

RIFERRE GI=2(Gt/Dt)
Ao GUR S t R B & ZERD T80 Dt AN & 25
KA

1.3.2 A¥xiarne WEAMRK . HEF14AdE, N
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25 HE R B ATL R 4 4 bk RO &
AL RIS 12 BRah i

ficf R T« DA S A RO v B B BE S T 10 Bk

FH AT AT KPR BOH i 5, 98 I 7 80 “CHEA vh b+ &

Ak P

R RBCETE B 3HEE .
AL S FHR A5 Ab B BE ML L 4l i 12 8k

13 B8R R 8 AR R F Y (Epson Expression ) 35 B [
%, J5 F Win—RHIZO R & 43 #1 # £ (Regent Istru-
ments Canada Ine) #4770 #7 .
1.3.3 vthAaxt&kE Mxde FEPprtREaeE
gl e SR R RURR S RO S i R R K
HL 3 SR S v R AR L R 95 % £ BEIR 4R
B R
1.4 TEHRYEEZEEEN

DR IS T WY LB N BT N 7 A
S R0 R A AR K 13 AR ARk AT R R S L T
SRR pRBOE O AT RS AL BT S AE A T SR e Y
ZAVE

1.4 145 A B 5 45 b S I oR RUME -

w(X)=(X,— X))/ (X — Xoi) j=1,2,3,,n
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X RRE N GEARIE X B LR BTER
B/ ME 3 X0 R 5 AN ERS AR AR B KB

1.4.2 B AL PRER G FE R AL -

W,=P/> P, j=1,2,3,",n (2)
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o~ P - B o
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L ow B H NG IRARE A A s h
HEBREIAE; PSR AR B 1R n ik
1. 4. 3 & Ab 2R 5 P27 & 1
D=7 [u(X j=1,2.3,.n
D {8 Ay 45 b 3 B T 6 M 25 A PP E
1.5 #HESH
FH Microsoft Excel 2019 F1 SPSS 26. 0 # 4 %} %4
it 54T 8 B4 A AR & ] Duncan ¥ X 22 55 0 2%
AT Z 8 A (P<<0.05) , 4R b Bl ¥ b 3R A
<SP (B = bR IR 7 R OR

2 HRESH

AEKEW NaCIA B EEEEMFHRHN

X W] (3)

2.1
A

B2 NaClyk B T, A48 B8 Fh T 0 R ZE O &
FRYENBZW RN BEE(E1-C, K 1-D)., 5X 1
HH FE , 75~200 mmol/L NaCl ¥ W 2 4 41 T Ff 7 19 %
R K ZFHR(P<0.05), IFFHEAE 1-AME 1B
AAL, 75 mmol/L NaCl &b ¥R 7 1Y & 25 5 32 90 il
B Fof B A8 B 56 AH X #5155 5 100 mmol/L NaCl 4k B F
Pl 10 & 25 5% BUR IR ) T X BRI 50 %6, (H R T 194775
KA 5 1M 150 F1 200 mmol/L NaCl &b B Fh 7 3 A
ANE R BA A BIR 0 & AR % 030 i ] BG4 A
FRAPEER: . L, AR5 R FH 75 mmol/L NaCliE i
BV RSN LSE I

T
200 | b
— s 80
R 60 ¢
Ztg 40 + d
20 f ﬂ
0
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Naclﬁzfﬁ/(mmol . ]f')
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Fig.1 Effects of different concentrations of salt stress on seed germination of alfalfa
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2.2 AEREEERGHMEBTELEEHFHLE
E;ur]
5 CK1MH L, CK2 4b 3 5 & 30 T L8 B 15 Fh 7

I8 % (P<<0.05) . 5 CK2AH I, T1—T5 4b 2 b %
BRI VR BE I T L B R SR R ORI 2E 4
IR N =R/ RN = L NS OB N R ]
A N o R o R GO RVNEC B S NE (R
CK2 /1T 22.78% .15.29% H129. 68% (P<<0.05) .
ZE LM, 75 mmol/LNaCIlihia T, £ BB M T 1Y
K BEL S B AN 1. 5~2. 5 g/ 8 JF g 4 ] L
e R 3 R R R B R R RUR BN T
R (R 2)
2.3 AEAKREEERMEHETEREEETEHEKMR
A

5 CK1AH E, CK2 &b B & 25 70 341 48 76 8 78 4 i)
A (P<C0.05) , i K FIAR K 43 50 B AR 69. 0520 FiI
91.19% ., NaClWhia b3, Bl & ¥ 5 i B2 1 3 K
BHERENE KRR LTHE TG
5 CK2AHH, T1—T5 4b B8 18 & 74 10 1 K 2 3 n
(P<<0.05) , 43 5 48 fin 7 37.74% . 42.79% .88. 94 % .

a

A 40
£ 30
<
W 2.0
i
1.0 ﬂ
0.0 :
CK]CKZ 11 |2 13 |4 TS
posit
C

R2 AEAREEERLETEREEMFHHELIERTWL
Table 2 Changes of germination indexes of alfalfa seeds

treated with different concentrations of xanthan

Ak 3 RSN KRV KRR
CK1 ~ 98.00%0.76"  99.5040.50"  68.22+0. 40

CK2 79.00+1. 64 85.00+1. 25 50.17£1.10°

T1 93.00£0. 65° 93.50£0.73° 62.80+0. 47"

T2 95.504+1.18"™  97.50+0.73"  64.45+0.92"

T3 97.00+0.65"  98.00+0.76"  65.0640.50"

T4 94.50+1.05"  97.00+1.00"  64.35+1.21"

TS5 95.50+0.91™  96.5040.91" 64.39+0.61"

e R AN R NG R 3R OR AL B 22 5 3 (P<<
05). T

65.14% F144.23% , HAE T3 AL BT 1k 2 it K{H 2. 18
em, FUOR T4, B KA 191 em (K 2-A) 3 T1—
TS5 4b #LH AR K 8 35 1S m (P<<0.05) , 43 % 3 fin
259.59% . 362.05%. 364.06%. 260.95% 0
286.40% , HAE T3 b ¥ T ik # f KA 5. 78 em, Hik
& T2Ab 3 AREKH5.75 em(E 2-B) .o

B 1601 &

c be

I

CKICK2 T1 T2 T3 T4 T5
Ab 7

2 FRREEERABETELEENERIRKENR

Fig. 2 Changes of seedling length and root length of alfalfa treated with different concentrations of xanthan

2.4 ARREEERMNEHETEREEHEMNT
ER:sbA|
5 CKI1AHH, CK2 & AL T K46 5 15 4h iy i faf

HEATE(P<<0.05), g (& 3-A) MR (K 3-
B) T HE(E3-C)OMAMR T & (E 3-D) 2 3 &ML T
66.30% .70.78% .69.67% Fl 71.76% . s A [6] He

I S 3 RT G i v R U0 R SR R R 0 v A
MR T 1 T 5 AR T 5 (P<<0. 05) , FLFl %5 % JF I e
SRR R R T EZ B . 5 CR2AMH I, T3AL TR
SCAE A Y A B T AL SRR TR YRR
43 A2 CK2 38 /i 17 205. 61% .200. 64% .210. 24 %
198.82% , T2 . T4, T5ANH I 25 46 1 7 (O B e 75 T
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ML IR T B A CK2 8 (P<<0.05) ,{H
A Ab PR 22 RN 2 (E13) .
2.5 AEAREEERMEMETLEREBTRERS
95 M
5 CKIAM I, CK2 1 35 B AR T 5546 1 48 1 SR 3%
TR LR R A R AR 2R B (P<<0.05) , 43 il B8/ T
82.34% .35.48% M1 74.57% , M H ALK CK1H K

A o3sc
a a
~ 0.28F ab b b
& .
L 02y
B o4
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E g07) ﬂ
0.00 ‘ ‘
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o3z
004 a
B3 . be b b b
T 0.03 1 ¢
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200002 F
1
H d
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0.00 : : : :
CK1 CK2 TI1 ™ T3 T4 T5
Ab B

7 229.41% . NaCllhiaab 3T, bl & B ) e ok B g 1
L EEAE B TS 1Y B AR R AR AR R BURAR R B 2
FeHE R PR E R 2Rk, 5
CK2AH I, T3 4b BT 546 H 46 VR B R 5/, 8B
CK2 AR T 47.37% 5 H T3 AL BEF BAR #2 m AR AR
PR BRI AR 9 B 1 35 B fie KAE L 23 0 8 CK2 3 fm 1
349.15% .85.00% #1282.02% (% 3).

B 0.16 7 a
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e
M d
= 0.04 | ﬁ

0.00 ‘ ‘

CK1 CK2 Ti1 T2 T3 T4 TS5
pustl

o

0.012 [
0.009 [ c

0.006 |
C
0.003 ﬁ
0.000 : : :
CK1 CK2 TI T T3 T4 TS
pisiil

W/ (g - B

B3 AEREERRKAETLHEENSEENTE

Fig. 3 Changes of fresh weight and dry weight of alfalfa treated with different concentrations of xanthan

R3 ARAREERRLEBETEREENFHRER.ZRREARERERMRLE

Table 3

Average root diameter, total root surface area, total root volume and tips number of alfalfa treated with

different concentrations of xanthan

A 7 FEIR H AR /mm SR WA/ em? SRR/ em’ TR I%L

CK1 0.323+0.009° 3.329+0.162° 0.031+0. 001" 10. 50+1. 55

CK2 1.06440. 026 0.58840.032° 0.02040. 002° 2.6740. 33°
T1 0.720+0.016" 1. 38840. 099 0.025-+0. 002" 7.80+0. 86™
T2 0.668+0. 020" 1.8884-0. 046° 0.02440.003° 6.2041.69"
T3 0.560+0. 028" 2.641+0.178" 0.03740. 003" 10. 2040. 92"
T4 0.588+0. 038 2.522+0. 164" 0.036=+0.001° 9.8041.66%
TS 0.588+0. 043 2.39240. 141" 0.035=+0.002° 10. 0040. 45

2.6 AEREZERKIHME TLEEEMH A
EKEMEXESRINFMN

5 CK1AH b, CK2 Ab #5350 58 46 B 78 i A i AR
KL FEAR(P<0. 05) , FEIK T 33.92% . 5 CK2
FEG, T1—T5 b 348 26 B 15 v R 9 4 6 55 K i35 &

FIHE(P<<0.05), Herpr T2 4bF R 2 06 8 45 - F i A1
XF K i R B CR2 3G R T 39.79% , ok 2 T3 Ak
L5 T2 ES AR E(K4-A). 5 CKIMIL,
CK2 4b # S SO A6 5 45 0 5 iR X e 5 5% 8 3 5 &
(P<<0.05), /2 CK1/ 2. 78f% . 5 CK2ALL, T1—T5
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b PR IEE RE M R A A X S R G BEAR T
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Fig. 4 Relative water content and relative electrical conductivity of alfalfa leaves treated with different concentrations of xanthan

2.7 AEREERRMERE TELEREMN &
Z2ENZM
5 CKIAMH , CK2 fill 58 48 5 7 i 7 i 2% 3% a( ] 5+

A) & b(E 5-B) M4 R & (F 5-C) B F

0.05), Hoh 4t 2 a & 84 98 T 100.00% .
130.10% .131.20% .128.00% F1 112.90% ; i+ 4t £ b

R BB o T 144.78% . 173.13% . 191. 04 %
177.610 F1 168.66% ; & M4t R & & 4 Al 8 m 1

fiX (P<<0.05) , 4r % B& Ik T 57.92% . 65.99% A 118.13% . 148.13% . 156.25%. 149.38% #i
61.72% . 5 CK2A L, T1— T5 &k B34 e A [] 15 135 4 136.25% . FFHPL T3 A BRG B fefd, R Z T2 M1 T4
% fi £h W30 0 6L EAE AW G S A (P<< A B9KE] T CK1AIKF .

T 082 Lot g : 087 B 5 8 " Tl © ab a  ab
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Fig. 5 Chlorophyll content of alfalfa treated with different concentrations of xanthan

2.8 ZHEM
K 4 Mk B NaClLh e TS /1

Wy & R gl A KA 1348 AR o o 1 2 A iy (3R
4) o Horp 51 ok R AR H 8 10,987, BT ER R N
84.518% , &% 2 W 4> ¢ AE(H 1. 734, Tk E Ny
65% , — & Rt TBk AL ] T 95. 084 %,

FIFH S 8 ek R0 AT R 25 5 VR 4% Ak B i R M
S5 0L R WS N [ vk B2 1 B e 249 R E R [ 2 B |
G AR AE Z B 0y R aE o T3 HEXT NaCl e
SEEH TE BT R A A K B R R R L &
G VM 45 R ON : CKI>T3>T2>T4>T5>T1>
CK2(35).

3 it
i 38 WA Sy o BR A W AR A R K R R AR
T AFI AR EZ " A5, 75 mmol/L
NaClJppie &2 7585 & i & 5K, B ]
EJE : 1) 75 mmol/L NaCl W38 fiff 55 f6 & 15 (7 40 ffg I
AL S TN S 4, DT B 5 AE T A Y
REGARS2) KR W B S A T IR IR A & 2F R B
%, T 52 e 4 v AR R, WS R B B4R S — B 2
LT YR BE 550+ AR I8 5 A ) 1Y 8 R
G4y X IRl 7 R ZE Y A AR Y TR
B 3 W 4 A ) T AR BT BE A E T, AR AR Y
KB, A2 W (Pantoea agglomerans) CQI10 g £ b
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T4 BRAENRRBRREE
Table 4 Coefficient and contribution rate of each compre-

hensive index

ek FERT1 FE LAY 2
GP 0. 089 —0.109
GR 0. 090 —0.073
GI 0. 090 —0.043
RL 0.071 0.451
SL 0.068 0.447
FW 0. 089 —0.107
DW 0.091 —0.049
ARD —0.089 —0.108
RSA 0.051 —0.471
RV 0.086 0.063
RWC 0. 089 0.084
REC —0.086 0.170
ChIT 0.088 —0.136
FFAE (B 10. 987 1.734
DUk % 84.518 10. 565
it stk R/ % 84.518 95. 084

TGP RIR A2 s GR B IR K2 35 GIR R K 2 46 B RL
FRMESL E R K FW 2R MG E  DW KR8 T,
ARD 78V B MR ELAE s RSA LR R T B RV 78 R AR
RWC 75 A% & K it REC 378 MR L 7 5% ; ChIT Bt 4 %
it
x5 BREZSERENEREIFEDERESEN
Table 5 The comprehensive indicator values,index weight,

membership function value,D values and comprehensive

evaluation of each treatment

goz A

=)

AER S ER1 EM2 w(X1) w(X2) DIE
iy

CK1 1.111 1.911  1.000 1.000 1.000 1

CK2 —2.053 0.635 0.000 0.542 0.061 7

T1 —0.299 —0.070 0.554 0.289 0.525 6
T2 0.180  —0.076 0.706 0.287 0.659 3
T3 0.541 —0.720 0.820 0.056 0.734 2
T4 0.268  —0.805 0.734 0.025 0.654 4
TS5 0.251 —0.876  0.728 0.000 0.647 5
& 0.888 0.112

£ 0. 267 EU/mL i 2 fie 18 56 46 5 % B 1 09 7 % A1 4
A K o Sandhya Sk BEUS NG R
(Pseudomonas putida) GAP— P45 g4 Z 4, n] A%+

L6 % 5] B %8 (Helianthus annuus ) %0 6 B 500 o 17
R CE SRR (A NG 3 R (U &2
AR P -7 0 IR B A BRI Na ™ (1 3L 8l a2 A A %o
Na™ 4 W UL, AT 22 ff% &2 Jolh 30 X VR 0 0 05 300 A F
LGSR F W TN 0. 5~2. 5 g/L B J5 i 34 v] 2% fife 8 o
OG5 AE A Bl WY R 0 52 ) 3 RE AR HE R W R
T TE S AR K K B R R K SO R
Sun" e K FE (Oryza sativa) AT 2L B 58 45
Uk B B 5T I 2 ik P 20 6 SR A6 A AR R ]
1o S AL TE R R Y e

AR, AR R R AE B SR R A% K Y
B A KR 5 e R RS A R KR
B MR 4y G T AR R 0 A R R M R B
) HE MR R A W B 4R AR T R A B T 4 e
MRS AERY . HR RV EPSEMP AERK TR T
Al E 2 AR RIB AL, i8I 1A W AR S 1y 34 e
B BRS04 1 R B R Y FEAREI ST AR
Az K 32 B ER Y e 3 R AR BRI Ak B
4R R OR F AR B W s, R AR R R
T FRURI AR SR 5038 0 25 T o o AR W 9 A e I 3k W 3a xoF
MR FR TS 14 5% i b Xt b 35 2 K 8 5 i T A, LRI
AJBE AR FR R A S RN B W 38 15 S O 7 AR AR I AR B
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Effects of xanthan on seed germination and seedling
growth of alfalfa under salt stress

CHEN Hai-yan,ZHANG Zhen-fen",JIN Zhen-hai, HE Lin-xin, TIAN Wang-jun,
ZHAO Liang

(College of Grassland Science , Gansu Agricultural University , Key Laboratory for Grassland Ecosystem , Ministry
of Education, Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land

Ecosystem Sustainability, Lanzhou 730070, China)

Abstract: [ Objective] Salt stress can reduce seed vitality, inhibit germination of seedlings, and seriously restrict
the production of alfalfa in saline-alkali areas. Xanthan, a type of microbial polysaccharide, has been known to be effec-
tive in promoting plant growth. But its effects on salt—tolerance of alfalfa are unknown. In this study, the alleviating
effect of different concentrations of xanthan to salt damage on the germination and seedling stages of alfalfa under salt
stress has been investigated. [ Method] The effects of xanthan (0.5,1.0,1.5,2.0 and 2.5 g/1.) on seed germination
and seedling growth of alfalfa under 75 mmol/I. NaCl stress were studied by hydroponic experiments using alfalfa
'Aohan’ as experimental material. [ Result] The germination rate, germination potential and germination index of al-
falfa seeds were significantly inhibited by 75 mmol/L. NaCl stress, The root length, seedling length, fresh weight and
dry weight of seedlings, relative water content and chlorophyll content of leaves were also inhibited by the stress,
while the relative electrical conductivity of leaves was significantly increased (P<C0.05). Another part of the results
showed that the addition of 1.5,2.0 and 2.5 g/L xanthan could significantly increase the germination potential, ger-
mination rate and germination index of alfalfa under the stress. Furthermore, under this stress, the addition of 0. 5~
2.5 g/1. xanthan could significantly promote the growth of alfalfa seedlings and roots (P<C0.05) , significantly in-
crease the fresh weight, dry weight, relative water content and chlorophyll content of leaves (P<C0. 05) , and signifi-
cantly decrease the relative electrical conductivity of leaves(P<Z0. 05). [ Conclusion] Xanthan can significantly allevi-
ate the toxicity of 75 mmol/L NaCl stress on alfalfa. According to the comprehensive evaluation of membership func-
tion, 1. 5 g/L. xanthan gum has the best effect on alfalfa under salt stress. This study provides a theoretical basis for

the development and utilization of biogenic preparations for alfalfa cultivation in saline-alkali soil.

Key words: alfalfa;salt stress;xanthan;seed germination;seedling growth



